Their risk of sudden death may be lower,56 and they might be subjected to frequent painful shocks with minimal preceding symptoms. It is well established that short bursts of rapid ventricular pacing effectively terminated sustained monomorphic ventricular tachycardia in most patients, but may also unpredictably cause acceleration of the tachycardia.78 This potential for tachycardia acceleration has limited the application of antitachycardia pacing in patients with recurrent sustained ventricular tachycardia.9 Provision of additional cardioversion and defibrillation capability allows the benefit of pacing termination in most episodes of ventricular tachycardia, without the risks associated with acceleration. Tiered treatment takes this concept further and combines the use of antitachycardia pacing for slower, well tolerated ventricular tachycardia with delivery of low energy shocks to cardiovert resistant tachycardia and higher energy shocks to cardiovert or defibrillate faster tachycardias or ventricular fibrillation, whether spontaneous or induced by pacing. In this report we evaluate the efficacy of an implantable tiered treatment defibrillator system in patients with recurrent ventricular arrhythmias refractory to drugs.
in one, and restrictive in one), two had valvar heart disease with previous myocardial infarction (one embolic, one perioperative infarction), one had right ventricular dysplasia, and one had idiopathic ventricular fibrillation. The mean (SD) left ventricular ejection fraction was 36% (15%).
SELECTION OF PATIENTS
Patients were selected for implantation of a tiered treatment device for control of arrhythmias on the basis of combinations of the arrhythmia characteristics: (a) haemodynamically tolerated ventricular tachycardia (spontaneous or induced), (b) Figure 2 A burst of ventricular pacing, delivered as antitachycardia treatment during sustained monomorphic ventricular tachycardia, caused acceleration to a rapid polymorphic ventricular tachycardia. This tachycardia was faster than the programmed rate zone for antitachycardia pacing, and therefore its detection by the device resulted in the delivery of a 200 V shock, which terminated the arrhythmia. Leads I, aVF, and Vl are shown.
months. Non-invasive testing was carried out from one to five times for each patient, depending on the duration of follow up and the clinical need for reprogramming. The success rate of induced tachycardia termination by antitachycardia pacing was higher than at the study before discharge (87% v 70%; p < 0 05), with a successful termination of 52 episodes of induced ventricular tachycardia, failure in two, and acceleration in six patients. The failure rate was lower (3% v 20%) but the incidence of acceleration was unchanged (9% v 10%).
In Figure 4 Antitachycardia pacing during atrial and ventricular arrhythmias. Top trace shows retrieved intracardiac electrograms with pacing during an irregular tachycardia. After the second burst ofpacing the vertical marker indicated that the rate hadfallen below the tachycardia detection rate, although the tachycardia was not terminated. The electrograms did not change and were of identical morphology to those during sinus rhythm, consistent with an atrial arrhythmia. An episode of ventricular tachycardia in the same patient, successfully terminated by a burst ofpacing, is shown below. The electrogram morphology during ventricular tachycardia was differentfrom that during sinus rhythm, before the arrhythmia and after its termination.
had failed to terminate at least one episode of tachycardia induced by non-invasive programmed stimulation in four of these patients.
Acceleration of ventricular tachycardia was documented in 10 patients during 27 of 530 (5%) paced episodes. The arrhythmia accelerated into the fibrillation rate during 13 episodes in four patients. In only two of the 10 patients had acceleration been found with pacing treatment of arrhythmias induced by non invasive programmed stimulation. Five patients all of whom had infrequent (one to nine) episodes, had all recurrent arrhythmias terminated successfully by pacing. CARDIOVERSION 
SPURIOUS TREATMENT AND UNDERDETECTION
The worst problem encountered with programming the device was overlap between the rate of ventricular tachycardia and the rates of sinus tachycardia or atrial arrhythmias, resulting in inappropriate treatment or undersensing of the arrhythmia. Patients with poor left ventricular function or heart failure, who were intolerant of fi-adrenergic receptor blockade, and those whose ventricular tachycardia was slow (often slowed by antiarrhythmic drugs necessary to reduce the frequency of recurrence of arrhythmia) presented the most difficult problem.
Nine patients received treatment from the device for reasons other than ventricular tachycardia, including pacing in four, shocks in two, and both pacing and shocks in three patients. Retrieval of stored intracardiac electrograms was of value in the diagnosis of spurious treatment in these nine patients. Paroxysmal atrial flutter or fibrillation with ventricular response rates within the tachycardia rate detection zone occurred in five patients (fig 4) and sinus tachycardia resulted in the delivery of treatment in two patients with heart failure ( fig 5) . The retrieved intracardiac electrograms during these tachycardias were of identical morphology to those recorded in sinus rhythm. This was by contrast with the electrograms during spontaneous ventricular tachycardia in the same patients, during which there were changes in both rate and electrogram morphology ( fig  4B) . Also, the recorded ventricular rhythm was irregular in three patients with atrial fibrillation. The occurrence of atrial flutter, fibrillation, or sinus tachycardia was confirmed by electrocardiographic recordings in five of the seven patients. A further two sequently found to originate from a fracture patients had multiple shocks, without prior in the rate sensing lead system. symptoms, and the retrieved electrograms Four patients had the converse problem of indicated sensed electrical noise (fig 6) , sub-underdetection of arrhythmia, because of
Figure 6 Spurious shock due to noise from sensing lead system fracture. ventricular tachycardia rates that were slower than the programmed detection rates (fig 7) . In three of these patients, ventricular tachycardia was initially detected, but transiently fell below the detection rate after pacing treatment (fig 7(A) 
